Abstract. It is discussed that the principle of indentation-flattening compound deformation (IFCDT) and parameter definition. The characteristics and stress state and strain state of IFCDT had been analyzed. Influence factors and influence laws on plastic deformation force had been analyzed. The calculation geometry model of mechanical parameters of IFCDT had been established. The model of deformation force of IFCDT had been given. The calculated results are in agreement with that of experimental, and the relative error is less than 19.4%.
Introduction
Plastic deformation mechanics parameter is important parameter of making plastic deformation process and design of plastic forming tools. Therefore, the accurate calculation model of plastic deformation force parameter is an important basis for improving the precision plastic forming process and the quality of the product. Guo [1] had established the calculating model of tube extrusion force in the polar coordinate system. And the main stress method and power balance method is used to deduce the calculation formula of tube extrusion force, and the theoretical calculation results are agree well with the experimental results. Fu [2] had used the main stress method to establish predict model of rolling force and torque force during snake rolling. The influence of rolling parameters on rolling force and torque force had been analyzed, such as rate ratio, roll offset distance, reduction and friction coefficient. Liu [3] had established the calculation model of large diameter tube extrusion in polar coordinate system. The main stress method is used to determine the model of extrusion force of thick wall tube. And influence of extrusion ratio and extrusion angle on extrusion force had been analyzed. Mao [4] had used the stream function method to establish the mechanical model of the arbitrary curves die during extrusion process. Calculation method of tube extrusion force is obtained, and it is proved that the extrusion force calculation results are agreement with that of experiment. Ebrahimi [5] had used a new upper-bound approach to analyze the tube extrusion process, and a kinematical admissible velocity field is developed to evaluate the internal power and the power dissipated on frictional and velocity discontinuity surfaces.
The characteristics IFCDT
The principle of indentation-flattening compound deformation technology (IFCDT) is shown as Fig.1 (a) . Intense tangential deformation can be produced by indentation deformation technology (referred to as first deformation), and it can increased the occurrence of dynamic recrystallization of magnesium alloy sheet. More twins and slip system can produce, and it is conducive to the grain refinement and the weakened of basal texture, and the formability of magnesium alloy sheet improved significantly. The magnesium alloy sheet which deformed by indentation technology is processed once again by flattening deformation (called second deformation). The dynamic recrystallization of magnesium alloy can be further aggravated, and grain is further refinement, and basal texture is further weakened. The performance and mechanical properties of magnesium alloy sheet improve 
Deformation force of indentation process
The geometric model of indentation deformation is shown as Fig.2a . The principal stress method is used to solve the plastic deformation force. 
According to the geometric model of indentation deformation, H 1 =2h 1 , cos (θ+dθ) ≈cosθ, sin (θ+dθ/2) ≈sinθ, then equation (1) can be simplified to equation (2) . Total deformation force of indentation process is given by equation (5) . 
If the convex tooth number is n, then the total deformation force is given by equation (7).
In which, 0 R is radius of convex tooth; α is press angle, 
In this example of AZ31 magnesium alloy sheet, the width of is b=50, and the thickness is H 0 =7.0, and radius of convex tooth R 0 =4.0, and reduction ΔH is 0.5mm, 0.8mm, 1mm, respectively. Comparison between theoretical results and experimental results of indentation deformation force is shown as Fig.2b . The model results agree well with the experimental results, the relative error is less than 11.5%. According to equation (7) and (8), it can be seen that the influence factors of composite deformation force include deformation temperature (T), wave spacing (S), reduction (H), deformation velocity (V), deformation ratio λ=2h/s. Fig.3a is the geometry model of flattening deformation. According to principal stress method, the calculation formula of flattening deformation force can be obtained, seen equation (9).
Calculation model of deformation force of flattening deformation
In which, K is the maximum shear strength, K=0.5σ s ; L is length of sheet, L=100mm; b is width of sheet, b=50mm; H 1 is thickness of IFCDT sheet. In experiment, Value of H 1 is 6mm, 5.4mm, 5mm, respectively; μ is friction coefficient, μ=0.15. Comparison between theoretical results and experimental results of flattening deformation is shown as Fig.3b , and the model results and experimental results. Well, the relative error is less than 19.4%. 
Conclusion
(1) Influence factors and influence laws on plastic deformation force had been analyzed. The calculation geometry model of mechanical parameters of IFCDT had been established.
(2) The model of deformation force of IFCDT had been given. The calculated results are in agreement with that of experimental, and his relative error is less than 19.4%. 
